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(57) ABSTRACT

The mvention concerns a control circuit arranged to generate

a control signal (V) for controlling at least one transistor of
a switched mode power supply (SMPS, 102) during first,
second and third successive time periods based on a feedback
voltage (V ), wherein during the first and third time periods
the control circuit 1s adapted to regulate the output voltage of
the SMPS to a first voltage level, and during the second time
period the control circuit 1s adapted to control the SMPS to
output a low voltage, the control circuit having a memory
(304) adapted to store an indication of the control signal
generated by the control circuit at the end of the first time
period, wherein the control circuit 1s adapted to output a
control signal based on the stored indication at the start of the
third time period.

13 Claims, 3 Drawing Sheets
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1
CONTROL CIRCUIT WITH FAST RECOVERY

FIELD OF THE INVENTION

The present invention relates to a control circuit for con-
trolling the output voltage of a DC-DC voltage converter, and
in particular to control circuit for generating a control signal
to a DC switched-mode power supply (SMPS).

BACKGROUND OF THE INVENTION

DC switched mode power supplies (SMPS) are used to
convert the supply voltage of a circuit into a different DC
voltage level. The output voltage of the DC-DC converter
may be lower than the mput voltage (for example 1n the case
ol a buck converter), it may be higher than the input voltage
(for example 1n the case of a boost converter) or it may be
either higher or lower (for example 1n the case of a buck-boost
converter). Such circuits comprise a switching transistor, and
the output voltage of these circuits 1s controlled by the duty
cycle of the switching transistor.

In order to regulate the duty cycle of the switching transis-
tor, and thus the output voltage, both analogue and digital
control circuits have been proposed. Digital control circuits
have the advantage over analogue control circuits of using
less chip surface area, and are thus the preferred solution 1n
many applications such as laptops, mobile phones, digital
cameras €tc.

A problem with known digital control circuits 1s that they
are generally ineflicient 1n terms of their power consumption.

SUMMARY OF THE INVENTION

Embodiments of the present invention aim to at least par-
tially overcome one or more problems in the prior art.

According to one aspect of the present invention, there 1s
provided a control circuit arranged to generate a control sig-
nal for controlling at least one transistor of a switched mode
power supply during first, second and third successive time
periods based on a feedback voltage, wherein during the first
and third time periods the control circuit1s adapted to regulate
the output voltage of the SMPS to a first voltage level, and
during the second time period the control circuit 1s adapted to
control the SMPS to output a low voltage, the control circuit
comprising: a memory adapted to store an indication of the
control signal generated by the control circuit at the end of the
first time period, wherein the control circuit 1s adapted to
output a control signal based on the stored indication at the
start of the third time period.

According to one embodiment of the present invention, the
control circuit1s a digital control circuit and said indication of
the control signal 1s a digital value.

According to a further embodiment of the present inven-
tion, said control signal 1s a PWM (pulse width modulation)
signal, the duty cycle of which determines the output voltage
of said switched mode power supply, and said indication of
the control signal 1s a digital duty cycle value.

According to a further embodiment of the present inven-
tion, the control circuit comprises a digital controller adapted
to output, on successive cycles, digital values; and a digital
pulse width modulation block arranged to receive the digital
values from the digital controller and to generate the control
signal based on the digital values.

According to a further embodiment of the present inven-
tion, the control circuit 1s adapted to output a control signal
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based on the stored indication for N cycles of the digital
controller at the start of the third time period, wherein N 1s
equal to at least 2.

According to a further embodiment of the present mven-
tion, the digital controller comprises a further memory
arranged to store an indication of the feedback voltage at the
end of the first time period; and the control circuit 1s adapted
to output a control signal based on the stored indication of the
control signal at the start of the third time period until the
teedback voltage reaches a determined value.

According to a further embodiment of the present imnven-
tion, the control circuit further comprises a comparator
arranged to compare the indication of the feedback voltage
stored 1n the further memory with an indication of the feed-
back voltage during the third time period, wherein the control
circuit 1s arranged to determine when the feedback voltage
reaches the determined value based on the output of the
comparator.

According to a further embodiment of the present mven-
tion, the digital controller 1s adapted to determine the digital
values based on a control algorithm using one or more of
lookup tables; dithering control; and fuzzy logic.

According to a further embodiment of the present imnven-
tion, the control circuit further comprises a butler coupled to
the memory and arranged to output the digital values.

According to a further aspect of the present invention, there
1s provided a DC-DC voltage converter comprising the above

control circuit and a switched mode power supply coupled to
the control circuit.

According to a further embodiment of the present mnven-
tion, the switched mode power supply 1s one of: a buck
converter; a boost converter; and a buck-boost converter.

According to a further aspect ol the present invention, there
1s provided an electronic device comprising a power supply
unmit arranged to generate a supply voltage and the above
DC-DC voltage converter arranged to convert the DC supply
voltage to a voltage level different to the level of the supply
voltage.

According to a further embodiment of the present mven-
tion, the DC-DC voltage converter 1s arranged to drive at least
one light emitting diode.

According to a further aspect of the present invention, there
1s provided a method of generating a control signal for con-
trolling at least one transistor of a switched mode power
supply during first, second and third successive time periods
based on a feedback voltage, wherein during the first and third
time periods the control circuit 1s adapted to regulate the
output voltage of the SMPS to a first voltage level, and during
the second time period the control circuit 1s adapted to control
the SMPS to output a low voltage, the method comprising;:
storing 1n a memory an indication of the control signal gen-
erated by the control circuit at the end of the first time period;
and outputting a control signal based on the indication stored
in the memory at the start of the third time period.

According to a further embodiment of the present mven-
tion, the method further comprises receiving a command
signal indicating the timing of the first, second and third time
periods.

According to a further embodiment of the present mnven-
tion, the method further comprises, during the first and third
time periods, generating by a digital controller on successive
cycles digital values, the control signal being generated by a
digital pulse width modulation block based on the digital
values, wherein the control signal based on the indication
stored 1in the memory 1s output at the start of the third time
period for a plurality of cycles of the digital controller.
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According to a further embodiment of the present inven-
tion, the method further comprises storing i a further
memory an indication of the feedback voltage at the end of the
first time period; comparing by a comparator an indication of
the feedback voltage during the third time period and the
stored indication of the feedback voltage, wherein the control

signal based on the indication stored 1n the memory 1s output
at the start of the third time period until the result of the
comparison reaches a determined value.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other purposes, features, aspects and
advantages of the mvention will become apparent from the
following detailed description of embodiments, given by way
of 1llustration and not limitation with reference to the accom-
panying drawings, in which:

FIG. 1 illustrates schematically an example of a DC-DC
voltage converter;

FIG. 2 shows an example of timing diagrams of an output
voltage and a command signal of the DC-DC converter of
FIG. 1;

FIG. 3 1llustrates schematically a DC-DC voltage converter
according to an embodiment of the present invention;

FIG. 4 illustrates schematically the DC-DC voltage con-
verter ol FIG. 3 in more detail according to an embodiment of
the present invention;

FIG. 5 shows timing diagrams of signals of the DC-DC
converter ol F1G. 4 according to embodiments of the present
invention;

FIG. 6 1llustrates schematically a digital controller of the
DC-DC voltage converter of FIG. 4 1n more detail according
to an embodiment of the present invention;

FI1G. 7 illustrates schematically an alternative embodiment
of the digital controller of FIG. 4 according to a further
embodiment of the present invention; and

FIG. 8 1illustrates schematically an electronic device

according to embodiments of the present invention.
Throughout the figures, like features have been labelled
with like reference numerals.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 illustrates schematically an example of a DC-DC
voltage converter 100. DC-DC converter 100 comprises a
switched-mode power supply (SMPS) 102 coupled to an
input line 104 for recerving an iput voltage V., and to an
output line 106 for providing an output voltage V ,, -

Output voltage V. drives a load 108, which 1n this
example comprises a series of LEDs (light emitting diodes)
110 coupled between the output line 106 and ground. The
output line 106 1s also coupled to a control circuit 112, and the
output voltage provides a feedback voltage V. to control
circuit 112. Control circuit 112 receives a reference voltage
V.- on an input line 114, and a command signal (CMD) on
an iput line 116. Based on signals V., V.~ and CMD, the
control circuit 112 generates a control signal V., which 1s
provided on a line 118 to control the SMPS 102. In particular,
control signal V - controls one or more switches in SMPS 102
to adjust the output voltage V ,, -

Certain types of loads may be designed to be driven by the
DC-DC converter 100 periodically. For example, the LEDs
110 may be controlled to flash ON and OFF 1n order to reduce
their brightness, and by controlling the duty cycle of the ON
periods, the brightness of the LEDs can be adjusted. Thus the

voltage V ;- can be 1n the form of a square wave having a
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frequency of for example around 100 Hz such that the flash-
ing of the LEDs 1s not noticeable to the human eye.

The command signal CMD 1n FIG. 1 1s used to activate or
deactivate the control circuit 112, and thus alternate the out-
put voltage V .01 SMPS 102 between high and low values.

FIG. 2 shows timing diagrams for the command signal
CMD and the output voltage V.~ according to one
example. Command signal CMD is a square wave having a
period t,, each period comprising a high pulse of duration
tHx» and a low pulse of duration t, . During the high pulses,
the output voltage V ., of the DC-DC converter 100 1s con-
trolled to equal the reference voltage V... In particular, the
control circuit 112 1s activated to regulate the output voltage
such that the teedback voltage V. 1s equal to the reference
voltage V , . During the low pulses the output voltage V .,
of the DC-DC converter falls to a low level V,, which 1s for
example at ground. In particular, the control circuit 112 1s
deactivated such that a constant low voltage 1s output to
SMPS 102, for example at ground.

As shown 1n FIG. 2, the output voltage V ,,,-01 the SMPS
drops quickly to V, at the start of the t ... period. However,
the output voltage V ., 1s slow to rise again to V.. at the
start of the next t ,,,period. The rise time 1s labelled t, in FIG.
2. This delay results from the number of cycles that the
control circuit 112 needs in order to achieve the control signal
V ~on line 118 that corresponds to the desired output voltage.
The control circuit for example uses dither control, lookup
tables or fuzzy logic 1n order to determine the control signal
V ~, and these control algorithms generally take tens or even
hundreds of cycles to arrive at the correct level.

Until the output voltage reaches the desired level, the load
does not operate as desired. For example, in the case of LEDs,
until a certain voltage 1s reach they may not turn ON at all.
Thus, the power output by the DC-DC converter 100 during
the period t, 1s essentially wasted, leading to inetficiency.

FIG. 3 illustrates a DC-DC voltage converter 300. Ele-
ments of DC-DC converter 300 that are 1n common with the
DC-DC converter 100 of FIG. 1 have been labelled with like
reference numerals, and will not be described again 1n detail.

In the DC-DC voltage converter 300, the control circuit
112 has been replaced by a control circuit 302. Control circuit
302 recerves the feedback voltage V .., which 1n this example
1s the output voltage V ;- of the SMPS 102, but could be a
different voltage in other embodiments. Control circuit 302
also receives the command signal CMD and the reference
voltage V » .-, and outputs the control voltage V .. One differ-
ence between control circuit 302 and control circuit 112 1s
that control circuit 302 comprises a memory 304, which 1s
used to store an indication of the control signal V . generated
by the control circuit 302 at the end of the t,,, period of the
command signal CMD. The value stored in memory 304 is
then output by the control circuit 302 at the start of the
subsequent t,.- period of the command signal CMD, as will
be explained in more detail below.

FIG. 4 1illustrates the DC-DC converter 300 of FIG. 3 1n
more detail. The SMPS 102 in this example 1s a boost con-
verter. SMPS 102 comprises a resistor 404 having one termi-
nal coupled to the mnput line 104 and its other terminal
coupled to one terminal of an inductor 406. Resistor 404 for
example represents the resistance of the inductor 406, which
1s generally formed of a coil. The other terminal of the induc-
tor 406 1s coupled to a main current terminal of a transistor
408, which 1n this example 1s a MOS transistor, and to the
cathode of a diode 410, which represents the internal junction
of transistor 408. Diode 410 has its anode coupled to the other
main current terminal of transistor 408, which 1s also coupled
to ground. Transistor 408 has its gate node coupled to the
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output of a butfer 414. The inductor 406 1s also coupled to the
anode of a diode 412. The cathode of diode 412 1s coupled to
the output line 106 of the SMPS 102, and also to a capacitor
416 and a resistor 418 coupled 1n series between output line
106 and ground.

As with the example of FIG. 1, the load 108 1n FIG. 4
comprises a series ol diodes 110. In this example, rather than
being coupled directly to ground, the load 108 1s coupled to
ground via a resistor 420, and the feedback voltage V .. to the
control circuit 302 1s taken from a node 421 between resistor
420 and the load 108. Thus the feedback voltage V. in this
example 1s based on the current through the load, which also
passes through resistor 420. The reference voltage V..~ 1n
this example 1s equal to the desired voltage at node 421.

The control circuit 302 comprises an analogue to digital
converter (ADC) 422 having an input coupled to node 421 for
receiving the feedback voltage V .. A digital controller 424 1s
coupled to the output of the ADC, and a digital pulse width
modulation block (DPWM) 426 1s coupled to the output of the
digital controller 424.

ADC 422 converts the signal V.. into digital form, and
provides this as a digital signal V ~(n) to the digital controller
424. The digital controller 424 generates a digital duty cycle
signal d(n) based on V ~(n) and the reference voltage V.,
which 1t recetves on an input line 114. The digital duty cycle
signal d(n) 1s output to the DPWM block 426, and while the
command signal CMD 1s high, the latest value of d(n) 1s also
stored 1n memory 304. The DPWM block 426 outputs the
control signal V - to buiter 414 of the SMPS 102.

Operation of the SMPS 102 of FIG. 4 will now be
described.

While the command signal CMD 1s high, the control signal
V . 1s a square wave having a duty cycle that determines the
output voltage of the SMPS 102. During a first phase in which
the control voltage V . 1s high, transistor 408 1s controlled to
be conducting. Thus, during the first phase, current flows
from the mput line 104 through the resistor 404, inductor 406
and transistor 408 to ground. During a second phase, the
control signal V ~ goes low and transistor 408 1s controlled to
be non-conducting. Thus, during the second phase, current
continues to flow through the inductor 406, but now flows
through diode 412 to the output line 106 and the load 108.
Charge 1s stored during the second phase on capacitor 416. At
the end of the second phase, the first phase 1s repeated, during
which current continues to be supplied to the load 108 by the
charge stored on capacitor 416.

In order to regulate the output voltage level V ,,,, and thus
the feedback voltage V., the control signal V ~ has a duty
cycle D. The ratio of the output voltage V ,,,- to the input
voltage V . 1s approximately given by the following formula,
assuming that the circuit i1s 1n a continuous mode of operation,
implying that the current 1n the inductor never falls to zero,
and 1gnoring resistances:

Voo Vin=1/(1-D)

D 1s the duty cycle as a value between 0 and 1, where O 1mplies
that the switch 1s never conducting, and 1 implies that the
switch 1s always conducting. Thus the closer the duty cycle s
to 1, the higher the output voltage. It should be noted that a
duty cycle that remains very close or equal to O or 1 for a
prolonged period is not desirable as this would result 1n a drop
in the output voltage to a level below the 1nput voltage.

Operation of the control circuit 302 of FIG. 4 will now be
described with reference to timing diagrams of FIG. 5.

As shown 1n FIG. §, during a first period t,, the command
signal 1s high. During this period, the ADC 422 samples the
teedback voltage V. at determined time intervals, for
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example every 10 us, and converts this voltage level into a
digital value V.(n). The values V,.(n) and V., are for
example each 12 bits and are provided to the digital controller
424. The digital controller 424 generates the digital duty
cycle signal d(n) based on V -(n) and V... There are various
digital control techniques that can be used to generate d(n).
For example, the control technique could include dithering,
lookup tables, fuzzy logic, or a combination of these tech-
niques. As an example, n FI1G. 5, successive values of d(n) are
shown converging up to a final value d,(n) during time period
t,. Based on the signal d(n), the DPWM block 426 generates
the control signal V - having a corresponding duty cycle. As
shown 1n FIG. 5, the duty cycle 1s shown increasing during the
time period t, based on the rising values of d(n), and ending at
a value corresponding to around 50 percent. While only a few
periods of the signals d(n) and V are shown during time period
t1 1n FIG. 5, in practise there may be many more values of d(n)
and periods of V ..

During a time period t, straight after t,, the command
signal CMD 1s low. This results 1n the duty cycle value d(n)
going low, and thus the control signal V . also goes low, and
the output voltage V ,, 01 the DC-DC converter 300 waill fall
to a low value for example equal to the ground level. The last
value d,; (n) of the duty cycle signal d(n) 1s stored 1n memory
304 as soon as the signal CMD goes low. Alternatively, each
new value of the duty cycle signal d(n) 1s continuously stored
in memory 304 overwriting the prewous value throughout the
period t, that the signal CWD 1s high, such that when CMD

gOeS low the value stored in memory 304 1s the latest value
d,(n).

During a time period t, straight after t,, CMD 1s high again.
Rather than new values of d(n) being generated, for a number
of cycles N at the start of time period t,, the last value d, (n)
from memory 304 1s output by the digital controller 424 to the
DPWM block 426. As shown 1n FIG. 5, the value d,(n) 1s
output for a hold period t,,, which for example has a duration
of between 2 and several hundred cycles. This duration t,
allows the output voltage of the SMPS 102 to stabilize before
the normal control algorithm 1s applied by the digital control-
ler 424. Due to the value of d, (n), the output voltage V ,,,-of
the DC-DC converter 300 will quickly reach the value 1t had
at the end of the t, period. After the hold period t,,, the digital
controller 424 resumes operation by generating new values of
d(n) based on the feedback voltage V -(n) and the reference
voltage V -~

FIG. 6 1illustrates the digital controller 424 of FIG. 4 1n
more detail. In this example, the control technique used to
generate the signal d(n) 1s based on lookup tables, although 1n
alternative embodiments other techniques could be used.

A comparator 602 compares the feedback voltage V -(n)
and the reference voltage V.-, and provides an error signal
V_(n) equal to V -(n)-V ..~ indicating the error in the feed-
back signal. The error signal V _(n) 1s provided to a control
algorithm block 603. Block 603 comprises a lookup table A
604, which receives the error signal V _(n), and has 1ts output
coupled to an adder 606. The error signal V _(n) 1s also pro-
vided to a delay block 608, which provides the delayed ver-
s1on of the error signal to a further lookup table B 610 and to
a Turther delay block 612, which provides the twice delayed
error signal to a further lookup table C 614. The outputs of
lookup tables 610 and 614 are also provided to adder 606. The
output of adder 606 1s the next duty cycle value d(n+1), which
1s provided to a butler 616. Buffer 616 provides the duty cycle
signal d(n) on the following cycle, on an output line 618. The
output line 618 1s also provided as a further input to adder 606,
and to a further delay element 620, which delays d(n) by one
cycle, and outputs the delayed duty cycle signal d(n-1) as yet
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a further mput to adder 606. The output of butter 616 1s also
provided to memory 304. Memory 304 recerves the command

signal CMD on line 116.

Each table A, B, C comprises a series of possible input
values, for example 1n the form of input ranges, and output
values associated with each input value range.

Table A 1s directly connected to input 302, and generates an
output a(V _(n)), this output being the value in look-up table A
corresponding to the value of the input V _(n). Table B gener-
ates an output pP(V _(n-1)), this output being the value 1n
look-up table B corresponding to the value of the input V _(n-
1).

Table C generates an output v(V _(n-2)), this output being
to the value 1n look-up table B corresponding to the value of
the mnput V_(n-2).

The transter function of the control algorithm block 603 1s
thus:

d(n+1)=d(n)+d(n=1)+a(V (1) +B(V (n=1))+y(V (-
2))

The memory 304 operates by storing, when the command
signal CMD goes low, the last value d,(n) from the output of
buifer 616. Then, memory 304 outputs a low value of d(n) to
butter 616, for example equal to all zeros. This low value of
d(n) 1s then output from butier 616 while the command signal
CMD 1s low. When CMD next goes high, the stored last value
d,(n) 1s output from memory 304 to buifer 616, and this value
1s output from builer 616 for a predetermined number of
cycles N. N 1s for example between 2 and several hundred. N
1s chosen to be sufliciently high that there 1s very little or no
risk of 1nstability in the control loop. In particular, N should
be chosen such that after N cycles the output voltage of the
DC-DC converter 1s relatively close to the desired value, so
that the digital controller 1s able to continue to regulate this
value to the desired value.

The value of N could for example be stored in a memory
(not illustrated), and a counter (also not 1llustrated) could be
used to determine when N cycles have passed. After the Nth
cycle after CMD goes high, the bufler 1s reset to recerving the
values d(n+1) from adder 606, which are output one cycle

later.

FIG. 7 illustrates an alternative embodiment of the digital
control 424 of FIG. 4.

In the digital controller 424 of FI1G. 7, the control algorithm
block 603 has not been shown 1n detail, and for example
implements a control algorithm the same or different to the
lookup tables used in the digital controller 424 of FIG. 6. The
control algorithm block 603 of FIG. 7 may or may not receive
the output of buffer 616 as an input.

In this embodiment, rather than being a predetermined
number of cycles, the number of cycles N 1s determined based
on the error signal V_(n) from comparator 602. In particular,
when the command signal CMD goes low, not only 1s the last
value d,(n) from butter 616 stored 1n memory 304, but also
the last value V_,(n) of the error signal 1s also stored in a
memory 704. Then, when the command signal CMD goes
high again, the new values of the error signal V _(n) are com-
pared with the last value V_,(n) of the error signal by a
comparison block 706. Once the error signal V _(n) becomes
suificiently close to the last value V_,(n), for example to
within a few values, an output signal 1s provided from the
comparison block 706 to the memory 304, indicating that the
control algorithm should be used again. The memory then
resets buffer 616 so that the values of d(n+1) from the control
algorithm block 603 are output on the output line 618. The
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8

number of cycles N 1s thus controlled based on the speed that
the feedback signal returns to 1ts level prior to the command
signal CMD going low.

FIG. 8 illustrates an electronic device 800 comprising a
power unit PU 802, which provides a supply voltage V5, to a
DC-DC voltage converter 804, which 1s for example the con-
verter 300 of FIG. 3, and comprises an SMPS which is for
example a buck, boost or a buck boost converter. The output
voltage V ,, on line 806 trom the DC-DC converter 802 1s
provided to a load 808, which is for example any load that 1s
supplied by a voltage different to V .

The electronic device 800 1s for example a laptop com-
puter, mobile telephone, portable games console, media
player, personal digital assistant (PDA), digital camera, or
other device.

Thus a control circuit for controlling an SMPS has been
described 1n which a memory 1s provided for storing an 1ndi-
cation of the control signal prior to the control circuit being
deactivated, and this value 1s output from the control circuit at
the start of the next active period of the control circuit. This
advantageously means that SMPS 1s able to return to the state
it was 1n prior to deactivation of the control circuit very
quickly.

Advantageously, according to some embodiments, the
stored indication of the control signal 1s output by the control
circuit for a determined number N of cycles, or until the
voltage of the SMPS has reached a determined value. This
advantageously ensures stability of the control loop.

Having thus described at least one 1llustrative embodiment
of the invention, various alterations, modifications and
improvements will readily occur to those skilled in the art.

For example, while embodiments been described 1n rela-
tion to a boost SMPS, alternatively the control circuit
described herein could be used to control other types of
SMPSs, such as buck converters or buck-boost converters.

Furthermore, while embodiments have been described in
which the load of the DC-DC converter 1s a series of LEDs, 1n
alternative embodiments the load could be any other type of
load that may need to be switched ON and OFF regularly.

Furthermore, while embodiments have been described 1n
which the feedback voltage V . provided to the control circuit
1s the output voltage V ,, ,-or the voltage at a node 420 1n FIG.
4, 1n alternative embodiments, the feedback voltage could be
provided from an alternative node.

The invention claimed 1s:

1. A control circuit arranged to generate a control signal
(Vc¢) for controlling at least one transistor of a switched mode
power supply (SMPS) during first, second and third succes-
stve time periods (t1, 12, t3) based on a feedback voltage (VF),
wherein during the first and third time periods the control
circuit 1s adapted to regulate the output voltage of the SMPS
to a first voltage level, and during the second time period the
control circuit 1s adapted to control the SMPS to output a low
voltage (VL), the control circuit comprising:

a memory adapted to store an indication (dL(n)) of the
control signal generated by the control circuit at the end
of the first time period (t1);

a digital controller adapted to output on successive cycles
digital values (d(n)), wherein the digital controller com-
prises a further memory arranged to store an indication
(Ve,(n)) of the feedback voltage at the end of the first
time period; and

a digital pulse width modulation (DPWM) block arranged
to receive the digital values (d(n)) from the digital con-
troller and to generate said control signal based on said
digital values, wherein the control circuit 1s adapted to
output a control signal based on said stored indication of
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the control signal for N cycles of the digital controller at
the start of the third time period until said feedback
voltage reaches a determined value.

2. The control circuit of claim 1, wherein the control circuit
1s a digital control circuit and wherein said indication of the
control signal 1s a digital value.

3. The control circuit of claim 1, wherein said control
signal 1s a PWM (pulse width modulation) signal, the duty
cycle of which determines the output voltage of said switched
mode power supply, and wherein said indication of the con-
trol signal 1s a digital duty cycle value.

4. The control circuit of claim 1, further comprising a
comparator arranged to compare the indication of the feed-
back voltage stored in the further memory with an indication
(VeL(n)) of the feedback voltage during the third time period,
wherein the control circuit is arranged to determine when said
teedback voltage reaches the determined value based on the
output of said comparator.

5. The control circuit of claim 1, wherein said digital con-
troller 1s adapted to determine said digital values based on a
control algorithm using one or more of:

lookup tables;

dithering control; and

tuzzy logic.

6. The control circuit of claim 1, further comprising:

a bulfer coupled to said memory and arranged to output

said digital values (d(n)).

7. A DC-DC voltage converter comprising the control cir-
cuit of claim 1 and a switched mode power supply coupled to
said control circuit.

8. The DC-DC voltage converter of claim 7, wherein the
switched mode power supply 1s one of:

a buck converter;
a boost converter; and

a buck-boost converter.

9. An electronic device comprising a power supply unit
arranged to generate a supply voltage and the DC-DC voltage
converter of claim 7 arranged to convert said DC supply
voltage to a voltage level (VOUT) different to the level of the
supply voltage.
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10. The electronic device of claim 9, wherein said DC-DC
voltage converter 1s arranged to drive at least one light emait-
ting diode.

11. A method of generating a control signal (V¢) for con-
trolling at least one transistor of a switched mode power
supply (SMPS) during first, second and third successive time

periods (11, t2, t3) based on a feedback voltage (VF), wherein
during the first and third time periods the control circuit 1s
adapted to regulate the output voltage of the SMPS to a first
voltage level, and during the second time period the control
circuit 1s adapted to control the SMPS to output a low voltage
(VL), the method comprising:
during said first and third time periods, generating by a
digital controller on successive cycles digital values
(d(n)), said control signal being generated by a digital
pulse width modulation block based on said digital val-
ues;
storing 1n a memory an indication (dL(n)) of the control
signal generated by the control circuit at the end of the
first time period (t1);
storing 1n a further memory an indication (Ve,(n)) of the
teedback voltage at the end of the first time period; and
outputting a control signal based on said indication stored
in said memory at the start of the third time period for a
plurality of cycles of the digital controller until said
feedback voltage reaches a determined value.
12. The method of claim 11, further comprising recerving
a command signal (CMD) indicating the timing of said {first,
second and third time periods.
13. The method of claim 11, further comprising:
comparing by a comparator an indication (Vel.(n)) of the
teedback voltage during the third time period and the
stored indication of the feedback voltage, wherein the
control signal based on said indication stored in said
memory 1s output at the start of the third time period until
the result of said comparison reaches a determined
value.
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